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I Ksow not how- to (inswer iu fitting terms tlio gi'oeting of this 
iiiglit. Tho lionoraLle and flattering allusion wliicli lias been made 
to mo by my old preceptor and personal friend I can not respond 
to. His feelings of Kndness and affection for an old pupil have 
carried bim far beyond the just limita whioh should have restrained 
Ilia remarks. I appreciate his motives, bat I aspire not to the 
liigh eminence upon ■which, in the kindness of liis heart, ho has 
sought to place me. 

1 have been called hither by the invitation of a number of personal 
friends and strangers to speak in behalf of Science. I came hnmbly 
at the call, and was toid that I was to address a multitade in this 
vnat building; hut had I known tho responsibility which has been 
imposed upon me, I am confident I could not have mustered the 
courage necessary to have passed the thonsand miles of interval 
which separates your city from my home. I am happy, however, 
that I am here. Notwithstanding stormy and tempestuous wea- 
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tier, I have been gi'Ceteil night after iiifrlit Ly your kind faces, 
until I have learned to feel that, in some sense at least, joii are all 
my personal friends. I hove furtiier evidence of this friendship ia 
the fact that you are here again to-night, at the temiination. of a 
long and perhaps tedious eoui-se of lecture?, and I thank yon one 
and all from the very deptLa of my heart for this manifestation of 
yonr good-will. 

If I hove succeeded in contributing in the slightest degree to tLo 
advancement of that great movement which, has been auspiciously 
inaugm-fltcd to-night, I shall esteem it the proudest efibrt of- my 
liib ; and if some biographical sketch eliall ever mark to posterity 
the fact that I ever lived, upon the page that contdns the record, 
I would point my children to that paragraph which says, " Your 
lather was in the outset connected with tliis giand enterprise"— an 
enterprise whicli I trust is to eventuate in the erection of tke 
noblest and pTOudest strncture that has ever been reared upon the 
surface of the globe to the science of the stars, (Applause.) 

Permit me, as a stranger, to say a woi-d or two with reference 
to this movement. 

It is utterly useless, itr. President and Gentlemen of the Com- 
mittee, for yon or for the groat city of N^ew York to attempt any- 
tliing less than the erection of the noblest Observatory in tho 
world. I do not believe that the people of tliis city would be sat- 
isfied with anything less ; and yon have the power, you have the 
means, you have the ambition, you have the skill, to accomplish 
whatever you I'caolve to do. 

When I stood, some fourteen yeara ago, in my own little city be- 
fore a multitude like the one which I now have the honor of ad- 
dressing, and there for the first time lilted my voice in behalf of 
tlie erection of a noble structure, whose chief ornament should bo 
one of the grandest instruments that science and skill has ever 
produced, I ventured to mate an appeal of this kind : The Old 
■\Vorid looks with comparative contempt upon tho pi-ofound ignp- 
rance and inertness of the New. They point to us and say, Y'on- 
der is activity, and strength, and power, and vigor, hut it is all put 
forth to grasp the almighty dollar. And when I stood before that 
great assemblage and said. Let us rescue our country from tho st«a 
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that ia thus resting upon it — let us show to the croivned heads of 
Europe tliat free, independent, repuWican America can take the 
lead even in Science itself, the response to my appeal afforded the 
most gi'atifying evidence tl t n th nd th g d Ij t w uld 
bo aeeomplished. TV'Lat th ult? \. ] t t me ft the 
commeneemeiit of the nnd tal. ng — nd at that day th was 
scarcely an Observatory in nntrj — I t dEu p Iwnt 

to Munich, the great cente f tl n t u t n f th m fel ty 
instruments, and there I stood ntip neftlu f 

old Fraunhofer and Utzschneider. I said to them, " 1 our pi-edeees- 
sors sold to the Emperor of Eussia the great Equatorial Refractor." 
And why f Simply because they desired that their skill and handi- 
work, displayed in this masterpiece, should fall into the liands 
of some profound astronomer, nnd thus give them a world-wide 
repatation, " Sell to me," said I, " poor simple republican that I 
am — and yet one of the nobles of our land — this mighty refractor, 
equal to almost any other in the world, at cost, in like manner, 
and I will griarantee that in Uie nest ten years you will get more 
orders from the United States than all the other countries of tlio 
world togetlior." They would not make tlie sale on these terms, 
and yet during that time tliey have received more oi-ders from this 
country than from all others, and we have built more Obsen-atories 
and erected more magnificent instruments tJion all the world be- 
sides. Now, oar scientific men stand on the same high platfonn 
with those of Europe. They bail us as bothers in this gi'and and 
noble crusade against the stars. We are moving on togethei- — a 
solid phalanx; the watch-towers are rising all over the earth, and 
the grand cry is, Onward! It is echoed from Observatory to Ob- 
servatory. The sentinel is everywhere posted, and do you not 
mean to post one on your rocky lieights! (Applause.) I know 
yon do. 

I come now to the discussion of the subject appropriated to this 
clo^g leetuTO ; and in doing so, I cjin not sever tliis one from the 
■others, hut must regard myself as addressing the same audience, 
and this lecture as a continuation simply of those which have 
already preceded it. 
I am to speak of the Unfinished Problems of the Universe. 
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This would seem to hiipiy that tliero are some which are finished ; 
hut I know of none siieli absolutely. I helieve that ivo are now 
peniiitted to announce that the great law of universal gravitation 
reigns throughout our solar system with ahsolute command and 
power. I helieve that we can, almost with certdnty, announce 
that its domiciou reaches to the fixed stars; and when this is 
uttered, I think that I have told you all the prohlems that are fin- 
ished in the astronomical world. 

"When we come to the esamination of our own system, when we 
come to inquire whether wo have determined the actual and posi- 
tive movements of the snn, wliether we have reached to the pre- 
cise and critical knowledge of the movements of any planet, 
whether we ars able to predict with absolute precision the place 
of any one of these revolving worlds, I answer, it has not heen 

AH we have accomplished is an approximation to perfection, 
"We are moving on from year to year, and every year ii 
perfection witli which we are enabled to trace oat the b 
of these wandering worlds. 

Let me escrcplify this matter by reference to one single phenom- 
enon. About two hundred years ago, one of those who devoted 
tliemselves to the esamination of the revolving worlds — one oitlia 
followers of old Copernicus — thought he had suffldently esamined 
IJie raovemenla of Mercury to predict the fact that it would cross 
the disc of the sun, and be seen upon the solar surface as a dark, 
round spot. His computations, however, were such that he felt 
he must give himself a limit of about five days. Think of it — a 
limit of live days! 

Now, as the planet occupies but a few honi-s in crossing tjie disc 
of the sun, if within this time it should happen that the transit 
should occur in the night, the astronomer would of course lose the 
opportunity of verifying his prediction. lie watched, therefore, 
during these days with an intensity which you can scarcely com- 
prehend ; and at last his eye was greeted, and his heart gladdened, 
by finding the planet, true to his prediction, upon the disc of the 

But another period of eighty or ninety years in flie Iliit^l^y of 
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Science roUa aii'aj". Tlio astronomers of Paris are nil deeply inter- 
ested and escited witli tlie in)prDacli of anotlier of lliese transits 
of Mercury. Their computations were such tliat they believed 
they oonld nily apon tliem within — not five days — but five hours 
of tlie time. The sun was to rise with Mercury upon his disc. 
The morning arrived, and, armed with their telescopes, they were 
waiting to verify their computations ; hut the clouds intervened 
between them and the sun, and when he rose lie was utterly and 
absolutely invisible. They wtdted and watched, hoping the clouds 
would break away and give them the long-coveted opportunity 
of verifying their computations ; hut the hmit of time rolled away, 
and the clouds did not disappear. At length, one alter another 
becoming weary with the wntoh, yielded up in despiur, left his 
post, and entirely abandoned the observation. But one more doubt- 
ful of the computation than the others watched on. At last there 
came a little rift in the clouds. Through that chasm he hurriedly 
sent out his telescopic ray, and there, on the rim of the sun, clung 
Ihe round, black disc of Mercury, telling him precisely within what 
limit of time tlieir computations were in error. 

Five hours was the limit required at that time, TVe come down 
to a later period. The Observatory of which I have had the lionor 
of the direction, so far as the building, and the mounting of a 
single instrument were concerned, was completed in 1845. 

la May of that year it was announced that Mercury would 
again cross the disc of the sun. It was the first observation 1 ever 
attempted to make, I had computed with all the delicacy in my 
power the esact moment when the dwk planet would touch the 
brilliant rim of the sun. I had gone yet further, and computed 
the esact point on the tremendous circumference of the sun where 
the contact would take place — for remember, the power of this 
telescope is so great, that the sun swells out with such tremendous 
magnitude, as to literally and absolutely cover the whole heav- 
ens from horizon to horizon, could it all be taken into the field 
of vision at one view. The point of contact was brought within 
the field of vision of the telescope. The eventful day arrived, and 
the sun rose bright and g'orious. Kot a cloud stained the deep 
blue of the heavens. As the hours rolled by, and the time 
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approached, there I was, with feeUnga such as you can cot con- 
ceive, TiDtlei'Etand, or comprehend. ITy assistants ivere aroand mo, 
ready with theii' clironomoters to mark the moment of contact. I 
hoped and believed that our fahles and compntations were so accu- 
rate that five minutes of time would be a sufficient limit, and five 
minutes before the appointed time I took my place at the great 
telescope. There I waited and waited, unti! it seemed as if an age 
had gone. I called out, "Surely the time is passed — what of the 
time?" "Only a single minute I" Second by second, only a 
minute had roCed away. It seemed as though hours had been 
sweeping slowly by. Again I took my watch and waited, nntil 
again it seemed as though an age had passed. " Surely," said I, 
"the time is gone." "No — another minute yet." At last I 
caught the black disc of the planet just impinging upon tlie bright 
rim of the sun — in the limits of a minute? No; but within, sic~ 
teen seconds of the computed time/ (Applause.) 

You see, then, the possibility of advaneement. This was not my 
work, but it was the work of another — Le Verrier. I.e Verrier had 
taken np the movements of the planet Mercury, aiid with a power 
and precision of investigation never surpassed had coiTected the 
previous tables, and reduced the theory within such limits that it 
had now become possible to make these delicate predictions. Do 
not imagine, however, that after your great Observatory shall have 
been erected, there is nothing to do. There is everything yet to 
do. Eeduce these sixteen seconds down to the teufh part of a 
second of time. Cut it down, and when you have cut down all 
other errors in like manner and proportion, you will be able to fix 
the longitude and latitude of your ship at sea, hearing your mer- 
chandise and precious fi-eight to all Uie markets of the habitable 
globe, and they will wing their way over the trackless deep in per- 
fect and absolute safety. 

I will now direct your attention to the subject specifically as- 
signed for this evening — the great problem of the movement of tho 
Stellar Univei'se. In the course of my preceding lectures I have 
already ^ven you son-.e idea of the train of investigation which 
has led astronomers to adopt the theory that our solar system is 
sweeping with tremendous velocity through space, and moving at 
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snoh rate that it passes over one Imudixxl a^iil Cltv-foiir millions of 
miles every year. 

Up to the present time no one has ventured to say what the 
character of this motion is. T\'e are moving toward a certain 
point, and tliat point is only approximately knoivn. Ave no mov- 
ing in some mighty curvef Are we moving ill some vast circle! 
Are we sweeping in some tremendous ellipse? or are wo moving 
in a simple right lino toward the point whitlier the sun is nixing 
his fligjit ? If tlie sun is indeed jnoving in any vast circumference, 
so soon as we can determine the feet, and get a portion of its 
mighty carve, so soon as we can get a portion sufficient to deter- 
mine the plane in which it lies, then somewhere in that plane, 
in the depths of spac«, will lie found the mighty center about which 
tlie sun and solar system are revolving. 

Up to this time, however, we have no knowledge on the subject. 
Al! we can say is this, that if t3iis (illustratiHg) he the direction in 
■which the snn is moving, and perpendicular to this line we describe 
a plane entirely around the heavens, cutting from tlie solar sphere 
a circle, somewhere in that mighty cii'cle will be found tlie center 
about which the sun is revolving. 

Within a comparatively short time the attention of asti'onomera 
has been directed to an investigation with whioii thU is speciflcaily 
combined, and it is nothing more nor Ics- than this gr ud qn s- 
tion: Is there, in the whole ta 1 III r- 

rounded, any great central bod; 1 tj t 11 1>, 

which holds a proportion to th bod ^ bj I t Id, 

Buch as our central sun hold t ti pi t wh h p d tj 

Looking at our own system d pp tl by poss b 1 ty 

a sort of picture liung up in t! h t 1 n 

oi-der that there might he 1I d tl t j fi t tli 

which «e are allied anoth ht t 1, t 1 1 11 the 

stars should constitute tlie s eep g 1 1 t d t t of 

the whole some grand eont 11 b li t t ] i*- 

tions, grand in the quantity f tt h It t ai vt ts 
outline and circumfercacc, d 9i t t h Id tl 1 ty 

worlds and to produce harmonious and perfect movement througli- 
out the Stellar riii\er30— is there such an orb existing in space ? 
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I answer, tlierii is not. Wliy? Because we are enabled by the 
telescope to penetrate space in every possible dii-ection. Ali I 
— you may onswei- — but you can only bring into your telescope 
the light tliat comes from luminous bodies, and if this vast central 
orb is non-luminous, your telescope fails, and yon can accomplish 
notlilng; and ivhen you state that such a body does not esist, you 
state what yon do not know. 

There is another method by which we may acquire a knowledge 
of tlie facta in this case. If it is true that this mighty orb esists iik 
space somewhere, surrounded by all these glittering stars, oren if 
it be opaque, and sends to us no light, if it has the attractive power 
which belongs to our own sun, and if it be energized by this 
mighty power of universal gravitation which holds these starry 
worlds in its grasp, then we are enabled by means of the telescopo 
tfl detect that fact, because in fJie immediate vicinity of this cen- 
tral body the stai's will'sweep more rapidly under its ^gantic pewer 
then those at a greater and still greater distance — just as the plan- 
ets nearest to our sun revolve witli greater velocity than tliose 
which are more remote. 

Now we have csamincd the whole starry heavens, we have 
mapped out these heavens, and located these stars. ITe know 
where tliey were at the beginning of this century ; we know where 
tliey are now. IVe know the amount of change which has taken 
place, and in cose there was one region in which stars are more 
rapidly moving than in another, wo have a suiHcient l;nowledgo 
of tlie ])eavens to detect this point in space. Wo are therefore en- 
abled to pruiiounco that sitch a mighty central orb does not csist 
anywhere thi-oughont the Univoi'se of fixed stars with which we 

Thei-e being no such body, yon may of course conclude that there 
can be no revolution around a center. Tliat docs not follow. Let 
me tell you why. 

A few years only have passed away since an asti'onomer eom- 
raencod the examination of what is called "double stars." Sir 
William Herschel i3 again the pioneer in this field of investigation, 
and he tells us that when he began he gathered from all tho cata- 
logues of whicli ho had any kiiowlod^-e a list of all the "double 
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staiB" then known. I tliiiifc the list consisted of about fivo. Since 
thftt time it has been inereaaing ivitJi tremendong rapidity. He 
himself ran it up to liutidreda ; his son, who succeeded him, ran it 
up to thousands. After a while Sti'uve, who had cliargo of the 
great refractor at Dorpat, gave his whole ohaerving energy to this 
one department of the heavens, and the residt lias heen that lie 
haa pulilished a catalogue, in some sense, almost without nuniher, 
of these double stars, which esist strewn richly tliroiighout the 
regions of space. 

Now, we find, after a rigorous esamination of these double stars, 
that it is ntterly impossible for ns to suppose that they are optically 
united, tliat they are accidentally so located in space tliat they are 
so ciose together as to give the appearance of union ; and wlien wo 
come to apply what is called the calculus of probabilities, we find 
a hmit within which this possible optical appearance may occur, 
and everything beyond or inside of this limit must be a physical 
union. The stars are not merely accidentally located in this way ; 
tliey are combined, the one witli the other, eaeh energized by tho 
power of gravitation, and the two revolving about their common 
center of gravity. Now, this annoanceraent which I make, extra- 
ordinary as it may appear to those who liave not hitherto investi- 
gated it, has been fully carried out and Terified by observation. 
"We trace these revolving snns in their orbits until, under the gaze 
of man, some of them have performed entire revolutions. Many 
others are far advanced. Astronomers have gone yet farther, and, 
applying the groat law of gravitation and the laws of motion, have 
actually predicted their periods — have given us an epheraeris 
which should mark the place of tliose bodies in coming time, and 
these predictions have been verified, so Ihat we have these revolv- 
ing orbs scattered throughout the heavens ; some rapidly sweeping 
tlirough space in periods shorter than the periods or revolutions of 
onr own planetary orbs ; others rising in gi'andeur and magnifi- 
cence nntil we find their periods reaching by possibility millions 
of yeai's. 

Let me e.ill yonr attention to a siagle example. There is a 
quadruple star in the constellation Lyra — two double stai-s — tlio 
periods of which have been determined comparatively, and we find 
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t!iat one JouUe sot is revolving in thia iiinnaer nboat tLe other — • 
all of Uiem sweeping tlirongh apace and per&i-ming tliis mighty rev- 
olution in a period of not less than a million of our years. But you 
may ask me, how is it possible to decide such a question as this — 
how can it he done? First, we announce that these bodies ai-e 
phjsicflllj united, from the fact that they are all moving together 
in one common direction, with one equal velocity tlirough space. 
I do not refer now lo tlieir movements or revolution about each 
otlier. I refer to a common proper motion, a sort of tie caiTyiug 
these bodies off bodily together. It is utterly impossible that they 
should be carried ofE together unless they were physically united. 
They make up a mighty system, and when we como to measnre the 
distance by which these bodies are severed, it is possible to de- 
termine roughly the period of revolution whicli must by necessity 
make up the vast time wJiich is required for tliecn to sweep entirely 
around. Thus we find that there is a diversity in the constitution 
of this universe, such as we find surrounding us everywhere upon 
the face of the planet that we inhabit. We may anticipate, there- 
fore, schemes and systems rising one above another, each as diverse 
from the other as ai-e the plants and animals that grace, dignify, 
and beautify the earth. Ho it is in the heavens. Here wo have 
bodies of all possible kinds and characters. 

If we fake the telescope and look out upon the universes by 
which we are surrounded, we find them diversified in every pos- 
sible way. Our own mighty Stellar System takes upon itself the 
form of a flat disc, which may be compared to a mighty ring break- 
ing out into two branches, severed from each other,- the inte- 
rior with stars less densely popnlons than upon the exterior. But 
take the telescope and go beyond this ; and here you find, coming 
out from the deptlis of space, universes of every possible shape and 
fashion; some of them assuming a globular form — and when wo 
apply the highest possible penetrating power of the telescope — 
breaking into ten thousand brilliant stars, all ci-usiied and condensed 
into one luminous, bright, and magnificent center. But look yet 
farther. Away yonder, in the distance, you behold a faint, hazy, 
nebulous ring of light, the interior almost entirely dark, bnt the 
esttrior ring shaped and exhibiting to the eye, under the most pow- 
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erful telescope, tlie fact that it maj be resolved entirely into stars, 
producing a universe somewhat analogous to the ono we inhabit. 
Go jet deeper into space, and tliere jou will bcliold nnotlier uni- 
verse— vol uminons scrolls of light, glittering with beauty, flashing 
with splendor, and sweeping a curve of most extraordinary form 
and of most tremendous outlines. What is the meaniugof all tliis? 
nothing but the diversity with whicli the Almighty Architect has 
chosen to marl; the superstructure by which we are surrounded. 
So tliat we may anticipate all the diversity that esists here on the 
eartJi and in the heavena beyond us in the system with which we 

li it then possible for us to find a center about which the whole 
Stellar Universe may be revolving! Admitting that there be no 
central orb there, admitting that there bo no gi-and, central, con- 
trolling body, can we find a common centerof gravity of the whole 
enUre system? I doubt not tliat the time will come when this 
question will be answered in the afliruiativo. I trust the resolu- 
tion of this great problem will be contributed to by your own Oh- 
servatury with others that rear their summits toward the heavens, 
and from which the sentinel is looking out upon these deep, blue 
skies, marking the movements of these wondrous orbs. But a 
long time must roll away before we shall gather all the data neces- 
sary to give U9 the exact solution of this great problem. But a 
solution has been commenced ; it hoa been attempted by one of the 
most distinguished astronomers of Europe, the successor of Strnvc, 
at the great Observatory at Dorpat — Slaedler — who has distin- 
guished himself in the astronomy of the double stars, and wlio, by 
his computations, examinations, and investigations, has ]>laccd him" 
self on a level with the most distinguished men of tlie age. 

I speak thus highly of Maedler because his theory is not now 
adopted by the best minds of tbe world. They are scarcely willing 
to accept it as yet. This was ti-uo with regard to the theory of Sir 
William Ilersehd, when ho aunouDced that theio ^sas a point 
toward which tlie solar system was sneepmg lu. space, and he be- 
lieved that he had found it. Yeais, scores of jcars lollcd ana\ 
before this was received, but it was a pioneer am'ouMcment — 
the announcement of a brave, boM anl di I'l^ ninil, on^ that 
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dai'ed to epcak, no matter wliatliev the world iistoiied. or not; anil 
now «-6 see the result, Thea this German nalronoiuer, in the 
service of the Emperor of Russia, dared to put fortii this graiul 
conception of his; whether it ho sustained or not, is a question 
■svliich posterity has to resolve. 

Let nie give you some of the train of reasoning which he adopted 
in attempting to fasten the point ahout which the whole Stellar 
Uuivei-se is i-evolving, and our own sun among tlie cnmber, I'irst, 
then, tlie Ilerscbels have i-evealcd to us the figure of the great 
stellar atratuin to wliich we belong. We know that^the stars are 
condensed in a certain plane, which ive call tlie Galactic Circle. 
Tiiey are more numerous there; tiiey are nearer together there, 
and heavier, in some sense, when you come to take tho mass with- 
in a given area, than you find iu any other region. JTow sapposo 
this to bo that plane. As we rise above it, toward tlie North, tho 
stars grow fewer in number in a given space ; they ai'e more widely 
separated from each other, iu some sense, and the stratum is com- 
paratively shallow in that direction, as it is down below, towaiil 
tJie South. We are now enabled to deterndoo tho position of our 
own sua in this stratum, and we find it comparatively ecutral in 
its loeation, and that we are nearer to the South than the North, 
Now, if this bo true, wo may anticipate tliat the center of gi-avity 
will lie toward the North, I have already announced that we Lave 
iletennined the direction of f^olar motion precisely. If we sweep a 
circle perpendicuiar to this plane round tho whole heavens, some- 
whore ia tho region of this circle we may hope to find tlie center 
ahout which our own sun is revolving, and if wo find this center, 
it is tlie common center of gravity of the entire scheme of stai'?. 

Sucli was tiio Duturo of tlie I'e^o^'cli wiiich lii-st guided ilnedlcr 
in liis csaminations. lie began by looking at various hirgo srara 
in the heavens. His appro.iimato observations led him to the re- 
gion of (he constclktiun "Taurus." lie fii'st conmicncod hy sup- 
posing that by possibility the brilliant star in the eye o? tlie Bull 
— ■' Aldeharan" — niiubt be the central fiuu, but a rigoro.is exami- 
nation soon demonstrated tljat ibid coulJ not be so. He then 
looked a little fai-ther toward the South, and there he beheld that 
mighty and beautiful clnster of stars which we call tho Pleiades. 
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Seven of them nvo visible to the naked eye; but ivlicn ivo turn tlie 
telescope upoa this cluster, we find linndreda coming up to greet 
the vision of man, presenting one of the most beautiful and iniij'- 
nificent spectacles tliat is to be found in tlie wlioJe heavens. Here 
is, then, a vast multitnde of olnstoring n-orlds, and in the center of 
this cluster a bright and brilliant star, Eamod by astrouomers Al- 
cyone. Maedler tlioaght that by possibility this might be the cen- 
ter. IIow sliould he then undertake to verify the truth of this 
hypothesis ! He began by a critical examination of ivhat is called 
the proper tnotion of all the stars composing this cluster — all of 
them that had been mapped down ; and it happened tbrtunately 
that this particular duster had engaged the attention of Bessel, 
with his great heliomcter, ilany years before, he had fastened the 
places of some fifty or sisty ivith wonderful dolieaey and precision, 
and by comparing Bessel's observations with those of other aitron- 
oraers that preceded him, and of others that followed him, it be- 
came possible to dotorniine the aiuiunt of proper motion belonging 
to each and every one of these stan. Now, when the proper mo- 
tion is examined, it is found to be almost identical for every one 
ofthem. Here is a most remarkable fact Suppose these stars 
not to bo associated in any specific manner ; suppose them to be 
grouped together by chance, if you please. Why should they, in 
consequence of the movement of our own sun throngh space, .ill 
of them appear to sweep away together 1 Tiiis is utterly and ab- 
solutely impossible in one sense, unless you suppose them all to be 
crowded and condensed togetlier, so as to become, in some sense, a 
solitary body. 

It is just as if you were sweeping along the lino of a railway, 
and should see fai' off in the distance a little cluster of trees. By 
comparing tlieir places witii some more remote object, tiiey niigjit 
nil appear to move together toward you. But suppose this cluster 
of trees should he expanded, separated, severed, and swept out to 
greater distances ; then, you perceive the motions would be all dif- 
ferent, Fisiiig your eye upon a distant object, one of these trees 
would move with a certain velocity, and another with a diffei-eut 
velocity, and another with a still different velocity. And so in 
sweeping out tlie tele* opic ray to this mighty cluster of stars 
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ill the Pleiades, they oujjlit to appear to change; they ouglit to 
seem to sever, tlio one from the other, if it be only occasioned by 
the fact that they are located in a sort of line in this way, soma 
near to ua, some ia the ceuter, and some more remote. They do 
not thus exhibit themselves to the eye of man. Their proper mo- 
tions ore all the same. 

Now, if ilaedler adopted the idea or hypothesis that here was the 
center of gravity of the universe, he could then commence a train of 
reasoning to verify the hypothesis. If this bo the center, then our 
own sQtt is sweeping ai'onnd that center, and the stars oa tlie 
hither aide will appear to move ia a certain direction; the stars 
beyond will appear to move in a certain other direction ; the stars on 
the outside of the sun's mighty orbit in opposition to it will appear 
to move in a certain dii-ection ; and the stars that, so fer as onr 
own mm is concerned, happen to occupy that circle pei-pendicular 
to the line of the motion of the sun, will have a certain direction 
of motion. 

Now, it had been shown in a paper of extraordinary interest and 
very profound investigation, tliat a large imniber of the conditions 
required to malie tliis hypothesis the true one are verified by the 
examinations of the telescope. I do not pretend to indorse the 
tlioory of Mnedler with reference to his central sun. If I did in- 
dorse it, it would amount simply to nothing at all, for he needs no 
indorsement of mine. But it is one of tlie gi'eat, unfinished pi-ob- 
iema of tlie nni^erse ivhich remains yet to be solved. Future 
generations are to take it up. Materials for its solution are to 
accumulate from generation to generation, and possibly from 
century to century. Nay, I know not but thousands of years will 
roll away before the slow movements of these far distant orbs 
shall so accumulate as to giie us the data whereby the resolution 
may be absolutely accomplished. Bnt sliall wo fail to work be- 
onnse tlie end is far off? Had the old astronomer that once stood 
upon the watch-tower in Babylon, and there marked the coming 
of the dreaded eclipse, said: "I care not for tliis; this is tlie 
business of posterity; let posterity take care of itself; I will 
make no record ;" and had, in saceeeding ages, the sentinel in 
the watch-tower of the skies said, " I will retire from my post ; 
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I have no concern with theae matters, which can do me no good ; 
it is nothing that I can do for the age in which I livc"^ — where 
wonld wc have been to-night ? Shall we not do for those who are 
to follow Ha what haa heen done for us by oar predecessors f Lot 
ns not shrink from the responsibility which comes down, upon the 
age in which we live. The great and mighty prohlem of the uni- 
verse has heen given to the whole human family for its solution. 
Not by any ciirae, not by any age, not by any nation, not by any 
individnHl man or mind, however great or grand, has this won- 
drous solution heen accomplished, but it is the problem of hu- 
manity; and it will last as long aa humanity shall inhabit the 
globe on which we live and move. (Applause.) 

I have been laboring myself to contribute my mite toward the 
resolution of this grand problem. "Will you bear with me while I 
advert to some personalities in my own history, which ai-e, in some 
sense, drawn from me by necessity, in connection with this dis- 

Whea the Observatory in Cincinnati was erected, when the debt 
which devolved upon me as an inifividual was finally paid off, the 
hope I had of sustaining the institution in connection with the 
college with which I was allied was, in a single hour, utterly de- 
stroyed forever. Fire seized the college-building, and in an hour 
all lay in ruins. The foundations of my hopes were swept away. 
"What was tlien to he done? Give up the Observatory? That 
could not be done. I had no means ; I had to depend upon my 
professorship. Everything I had in the world had been used up in 
accomplishing the building of this institution ; and the only chance 
left me was the very one I am using to-night— to attempt to give 
popular lectures Ib sustain myself and the institution. And from 
that day to tJiis I have sustained that Observatory by my lectures ; 
and all the funds derived from the one I am giving to-night go at 
once into that treasury. (Applause.) I saw at a glance that I 
had no opportunity of attempting to carry forward a regular course 
of astronomic^ observations on a scale such as marks the move- 
ments of the great Observatories of the world. I could not come 
in competition with national institutions, endoived by the strong 
and bottomless purse <jf a government, imperial, hingly, or repub- 
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licaii. I was but a solitary individual, I looked over (he whole 
field of Science, and I finally resolved to enter the most forbidding 
field which presents itself to the mind of any one who devotes 
himself to the stars. It was nothing more nor less than to attempt 
to perfect the observations whereby we get the data for resolviiig 
all the problems by which we are surrounded, and to obtain gi-eatci- 
rapidity and fecihty in making observations. I have been devoting 
myself to this one object for ten long years, What I have tlone I 
shall not speak of, except in its connection with the future move- 
ments of astronomical observations. 

We have converted time into space ; tliis was the first grand 
accomplishment. A second of time by the old, method was marked 
out by the beats of a clock. When the observer desired to fasten 
the -precise moment at which his star crossed the meridian wire of 
the telescope, fixing his eye upon the star, with Ins ear he took up 
the beat of the clock. This was the exact order of observation. 
He conunenoea his count — "Jive, sis, seven, eight, nine;" and 
between " nine" and " ten" the star passes the meridian wire. 
Ee divides the space over which the star appears to pass in a 
second of time into ten e([ua! parts, as nearly as he can, and entei's 
in his note-book that the star passed the meridian wire at so many 
hours, 90 many minutes, so many seconds, and so many tenths. 
That was the old method. If the astronomer were called upoji to 
mark the passage upon many wu-cs, as is often done in a transit 
instrnment, when he shall have obtdned the passage of the first 
wire, he stops and enters it in the note-book. He must keep the 
count of the clock, and he must keep his eye upon the stai"; 
and his attention is divided between a variety of objects. 

Now, by the new method, the dock records its own beats, takes 
care of itself; and the astronomer has nothing to do with it. An 
electro-magnet under the control of the pendulum of the clock 
(which by its motion, swinging backward and forward, moves a 
delicate wire upon an axis, so as to dip it at every swing into a cup 
of mercury, and close the circuit) brings a point down, and strikes 
a dot upon the disc revolving with uniform velocity to meet it; so 
that at the end of every second a dot is struck upon this disc ; and 
thus, dot by dot, every second of time is fonned into space. 
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Then, taking up the micramet^r, we may out tho intervals between 
the dots into tea thousand parts ; and thus we divide them down 
to any degree of exactitude we may demand. 

When this great experiment was made in the outset, 1 attempted 
to unite this little piece of revolving wire, moving up and down, 
with the telescope, tr some material sufficiently delicate and per- 
fect to accomplish the result. I found it next to impossible to get 
any material which would answer the purpose. So delicate had 
the wire to he, that a single fiber or filament of silk, or a single 
human hair as fine as ever gi-aced the head of beauteous maiden, 
was all too coarse for this purpose. It had not the requisite 
spring for snch a delicate movement ; and when this point dipped 
into the mercury it rebounded, and there were several touches 
instead of one. At length I went again to my old friend the 
spider, and asked him to aid me in this dilemma. I spun from him 
a web, which for three long years in every second of time was 
ospanded and contracted, and performed the mighty service of 
uniting literally and absolutely fie heavens with the eai-th. (Great 
applause.) 

Now, what is the new metliod of obsei'vation ? Wlien tlie star 
enters the field of view, the observer, located at his transit instru- 
ment, has near him a magnetic key, such as belongs to all the tele- 
graphic offices in your city. That key being strucli, brings down 
a pen-point by the action of electro-magnetism.- Here [illustrat- 
ing] is the revolving disc ; here the steel point ; and when the key 
is touched, down comes the point, and striking upon the disc re- 
bounds instantly, and the disc moves on uninterruptedly ; and thns 
you have time, from second to second, converted into space npon 
the circumference of the disc. "When one circumference of the 
disc is full, the disc moves itself on a little railwt^ tra k j t fii 
enough to present a new circumference for another line of d 
and when the disc is filled, you have a perfect time-scale abs 1 te 
in its character, on which the clock, by automatio pow ha 
corded its own beats, and made a perfect record of itself On th t 
disc, by another magnet, another point is drarfn down, and t kes, 
at the will of the observer, the precise moment at which he marks 
the transit of the star aoross his meridian wire; so that all he has 
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to do is this : Take his place at the telescope, watch the coming of 
the star, pay no attention to the clock (for that takes care of it- 
self), and at the exact instant at which his eye catches the hisection 
of the star by the wire, touch the key, and the record is made, and 
all is done. Thna you perceive that, by this new method, tlie as- 
tronomer is relieved from a lai'ge anionnt of intense responsibility 
resting upon him by the old method, wearing out his nerves, de- 
atrojing his system, and rendering him, at the end of a certain, 
time, incapable of continning his observations. Another advantage 
gained, is that we may introduce as many wires as wo please npon 
which to mark the transit of the stars, and thus reduce oar obser- 
vation to as great a degree of precision as we may desire. By tho 
old method, remember, the obsorvei" is compelled to stop after the 
passage of one wire, and record the observation ; and while ho is 
doing tJiat, the star is going on. By the new method, he has noth- 
ing to dobntfo touch fl key, and the observation is recorded. Snch 
is a rough outline of this new method of ostronoraical observation. 
So perfect is this method, that we read from the disc with the ut- 
most possible facility ; and we have conducted this examination, in 
such a manner that now the thousandtJi part of fl second is a quan- 
tity of time which we appreciate and employ every day. 

If you wUl permit me, I will continue for a few moments longer 
to give you some of the details with regard to these new methods. 
Soon after the application of these new methods, it was manifest that 
we could, by the magnetic telegraph, determine the difference of 
longitude between two places with wonderfal precision. Hero is 
one of the gieatest triumphs of modern science, Wben we reflect 
upon the results reached by the telegraphic communication be- 
tween distant points in the determination of longitude, it seems 
positively as though modem scieni.e and skill paid no longer any 
attention to time, that it juat ciushed crowded, and condensed a 
hundred yeais into a single houi I And it has been done. Ton go 
now and examine and determine the difference of longitude be- 
tween the great Observatory of Paris and that of Greenwich, and 
you will find that by the telegraphic method, by these new means, 
we get better results "in a single hour of one night than had been 
reached by aJI preceding time, although thoy had worked for two 
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hundred years. So jou perceive tliat in this particular depa^^ 
inent of Astronomy, in linking together the different observatorioa 
of the world, we have now an advantage that no old astronomer ever 
poaaessed. I myself have been somewhat engaged in this kind of 
work." The process is so esceedingly simple that I believe this entire 
audience will go with me and understand it without any difficulty. 

Suppose the object were to determine the difference of lon^tnde 
between this city and Philadelphia. The city which ia farthest 
east will have a meridian saeh that the star will cross earlier than 
in the western one. Jfow, suppose the two observers are in tele- 
graphic commnuication, and that there is a disc at each extremity 
receiving clock-beats. The observer in New York signalizes his 
friend in Philadelphia, and says, " The star is coming up to New 
York — look out!" and standing by the telegraph, the instant the 
star passes his meridian, ho strikes the magnetic key, and the mo- 
ment it is recorded on his disc it is recorded in Philadelphia. Then 
the Philadelphian waits until the star comes into his field of view, 
and he signalizes his friend ia New York that the star is in the 
field of view; and the moment the transit occnra, he strikes the 
key, and the record is made. The interval of time between the 
two recoi-ds is the difierence of longitude. The process is perfect- 
ly simple ; there is no sort of difBcully about it ; yon all compre- 
hend it. (Applause.) 

There are now two delicate qnestiona yet to ask. The difference 
of longitude is actually obtained upon the supposition that all is 
perfect, and that this swift-winged messenger, the lightning, has 
flashed from one point to the other with infinite velocity. If it do 
not travel with infinif« velocity, if it has lagged at all by the way, 
in communicating the messages, that amonnt of error will be en- 
tailed upon the result. Then it heoomea necessary to investigate 
the great problem— With what velocity does the electric enrrent 
flash along the wire ? 

I have had the opportunity of investigating this problem myself. 
I worked at it with an intensity of interest which you can scarcely 
comprehend, alone as I was^buried, in some sense. In a wil- 
derness — with no one to sympathize with me in these strange in- 
veatigatioas. I succeeded, Jiowever, ia surrounding myself with a 
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number of assistants who took a deep interest in tliis matter. I 
Eeoui"ed a telegraphic eommiinication of wire entii'ely around from 
Oinoinnati to Pittabarg and back again, in. order to determine 
■whether electro-magnetism accomplished the circuit of 607 milea 
of wire instantaneously, or whether it took some time. My disc 
was prepared, and the clock-beats were being received upon it. I 
aiTauged in such a manner that two pens ehould record upon a 
metalKo disc by steel points, by the most delicate dots imagiuable, 
the time for the passi^ of the electric current. Then I prepared 
inside the Observatory a short circuit of sis or eight feet of wive, 
and to that hattery I gave the identical intensity which belonged 
to . the battery for tlie long circuit. I then arranged in such a 
manner that I could interchange these two points with each other, 
making one move with the long circuit and the other with the 
short, at pleasure. Having arranged the whole apparatus, I 
watched with the deepest interest to see whether the clock-beats, 
as recorded by the tw^o pens upon the disc, would fall at the same 
moment of time, or whether an inteiTal would esiat which the eye 
or the ear coald detect. But when the pens fell, it wanted a 
teener and sharper ear than mine to detect any difference. I then 
looked to see whether the dots struoi were in a straight line radi- 
ating from the center of the disc ; but with the most rigorous ex- 
amination I could make, I could discover no difference. I was 
compelled to restrain ray curiosity until the night should pass and 
the daylight come again. Then, with an instrument constrncted 
for the purpose of measuring the thousandth part of a second, I 
measured the interval between the two dots— tliose struck by the 
hng, and the others by the short circuit. I found invariably the 
same result in more than a thousand observations. 

How much time do you suppose it took the electric current to 
flash around the 60T miles of wire f I pve you my own result. 1 
divided a second into one thousand equal parts; and that journey 
was performed in twenty-one of those parts — in twenty-one thou- 
sandths of one second of time. (Applause.) 

But there is another difficulty in this process, growing out of the 
fact that the observers who make the record, who send the signals, 
who make the observations, may be different men. They must Iw 
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difforent men, {I.anghter.) But they may differ liternlly and ab- 
solutely in tlieir pliysiolo^cal organization ; find we must take this 
into acconnt, and investigate it and deteiinine it, before we oaa 
reach absolute correctness. Can this be done! Let me esplaia 
this matter ; it ia perfectly simple. 

Suppose this entire audience were hero now in litter and abso- 
lute darkness, and each held ia his hand a magnetic key ready to 
touch it at the moment that I flash upon you a flash of lightning, 
and on one of these revolving discs each and every one of you 
could reooi'd the precise moment at which yon perceive the coming 
of this flash. Strange as it may appear, it would be found that 
each one makes a different record ; and if you try it a thousand 
times, eacJi of you will find out the peculiar organization inside — a 
sort of curious spiritual daguerreotype of what you are on the in- 
side — how you are made up — and you will all he difierent ; but the 
most i-emarkable fact is, that you will differ from what you were 
an hour ago I (Applause.) That is not aa uncommon thing in 
these days, to differ in a single hour. (Laughter.) 

This fact of constitution is what we call personality. When the 
difference between two individualB has been determined, we cell it 
a Personal Equation. (Laughter.) What is the meaning of this? 
Suppose the Philadelphia observer is so constituted that he sees 
tlie star cross the wire a tenth of a second earlier than his corre- 
spondent in New York ; then we must allow for that difference of 
a tenth of a second. You may say, " What ia the nse of talking 
about the tenth of a second! — that is nothing." It is nearly an 
age in astronomy 1 One tenth of a second of time I Why, con- 
verted into space, it ia one and a half seconds of an arc ! " What 
is that?" I tell you it is flve-fold gi-eater than the parallax of 61 
Oygni, which we have been compelled to determine in order to 
ftscerttua the distance of those revolving suns. Think you that 
we are to neglect the tentli part of a second! I t^ll you if we can 
not measure below the tenth part of a second, and drive our errors 
out of the tenths into the hundredths, and ont of the hundredths 
possibly into the thousandths, we may as well stop observing, for 
we have already rough, data enough I (Applause.) 

Sow, ia it possible to determine the " personality" of each indi- 
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■ridualS I have finally sucoeeded'in maMng a piece of machinery 
of delicate character wlilcii enables me to measure the " person 
allty" of any individual, in a single miniito of time, by his making 
certain ohsei'vations. Permit me to esplain this. Suppose this 
disc was revolving with nnifonn velocity. Now, on the edge of 
tlie revolving disc I place say ten vertical wires about an inch in 
lengtli, so that they may be readily distinguished. That disc re- 
volving, immediately behind any local, fixed position there will be 
a dark lino just as broad as the diameter of tlie wire ; and you 
yonder, looting at the moving body, with a key in your hand make 
the circuit of a battery such, that the electro-magnet shall re- 
cord the moment at which you see the passage. If that same wire 
is made, by dipping into a cup of mereui-y, to make a connection 
with the battery and record its own passage, the difference between 
its record and yonr own will be your peculiarity; and your person- 
ality thns comes out beyond any qnestion. (Laughter.) In other 
language, if I can make the star which crosses tlie wu'e in the field 
of tie telescope record the moment of its passage, and yon do the 
same, the difference between the two records will be yonr personal 
equation. 

This has been accomplished ; hut you can form no conception of 
the amount of time which has been devoted to it. I have studied 
upon this alone for three long years. This and other experiments 
which I have made in this connection have amounted to more than 
one hundred thousand. I know that they are nearly all to bo 
thrown away. They are hut the center of the mighty arch and 
dome which we have been attempting to rear; and when the su- 
perstructure is np and the keystone placed, we shall knock away 
the center, and there the work shall stand as long as time shall 
last. (Applause.) 

I can not detain you to speak of the other departments of aatvo- 
nomieal obaeryation, to which I have pven mnch attention. Suf- 
fice it to say, we are now recording the places of the stars in onr 
Observatory with a rapidity and accuracy I thinli hitherto unheard 
of. The observer takes his place at the telescope. An assistant 
is located in snch a manner as to read the difference of north polar 
distance between any assumed standard star and the stars whose 
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places are requii'ed, and jugt as fast as tte stars can come into tlia 
field of view we find it possible to mai'k their places, and fix their 
position, and catalogue tLelr magnitudes and pecnliarities. Thus 
we are sweeping a zone of five degrees in width with an accuracy 
and precision equal to that of microinetrio work. How many 
stars, think jou, wo are tlius enahled to mark dowa in a single 
minnte of time? I have taken that group of the Pleiades, and in. 
five minutes I have fastened the places of from thirty to forty starri. 
In a single hour, in the richer portions of the Milky Way, in a 
zone of a single degree in width, I have recorded the places of 
more than one hundred stars. I hope, therefore, that the time is 
coming when the stars can pot take refuge in their numbers and 
distance, and defy the power of man to dislodge tlLem from the 
high concave in whuh they are entrenched. Wo shall grapple with 
them there, we sliill hunt thorn down; we shall record their 
places; we ihdl number them as they come out from the depths 
of heaven, under the penetiating gaze of the great telescopic eye 
which man has turned toward the stellar sphere! Will you do 
your part m thw grand work? Are you ready to begin? Are 
you prepared to give a helping Land to the sentinel who gives his 
time, his talent, and all that lie has on earth, to this grand and 
magnificent investigation? 

Now, ray friends, I must close this long coarse of lectures. We 
have passed from planet to planet, from sua to sun, from system to 
system. Wo have reached beyond the limits of this mighty 
stellar duster with which we are allied. Wo have found other 
island universes sweeping through space. The great unfinished 
problem still remains— Whence oame this universe! Have all 
these stars which glitter in the heavens been shining il-om all 
eternity ! Has our globe been rolling around the sun for ceaseless 
^es ? Whence, whence this magnificent Architecture, whose 
architraves rise in splendor before ns in every direction t Is it 
all the work of chance I I answer, No. It is not the work of 
chance. Wlio shall reveal to us the true cosmogony of the uni- 
verse by which we are surrounded! Is it the work of an Omni- 
potent Architect) If so, who is this August Being! Go with mo 
to-night, in imagination, and stand with old Paul, the great 
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Apostle, upon Mars' Hill, and there look around you as he did. 
Here rises tliat magnificent building, the Paithenon, sacred to 
Minerva, the Goddess of Wisdom. Tliere towers her colossal 
statue, rising in its miyesty ahoye the city of which she was the 
gnardlan — tie first object to catch the rays of the rinng, and tlie 
last to be kissed by the rays of the setting, san. There are tlio 
temples of all the gods ; and there are the shi'inea of every divin- 
ity. And yet 1 tell you these gods and these divinities, though 
created under the inspiring Are of poetic fency and Greek iinagiii- 
fltion, never reared this stupendous Structure by which we are 
surrounded. The Olympic Jove never built these heavens. The 
wisdom of Minerva never oi^anized these magnificent system's. 
1 say with St. Paul : " Oh, Athenians, in all things I find yoa too 
Buperstitious ; for, in passing along your streets, I find an altar 
inscribed, To the TJuknown God— Him whom ye ignorantly wor- 
ship ; and this is the God I declare unto you — the God that made 
heaven and earth, who dwells not in temples made with hands." 

No, here is the temple of onr Divinity. Around us and above 
us rise Sun and System, Cluster and Universe. And I doubt not 
tliat in every region of this vast Empire of God, hymns of praise 
and anthems of glory are rising and reverberating from Sun to 
Sun and from System to System — heard by Omnipotence alone 
across iraraeusity and through etcniity! (Great applause.) 
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THXi iS^H Tuossjsjvn .vow ismahw. 
TIMOTHY TI-TOOMB'S LETTERS 

TO YOUNG FEOPLB, SINGLE AND MARRIED. 
1 ^ol. 12mii.,'Sl 00, or in fall gilt gl 60. 



THEIK GOOD SENSE, SOUND ADTICE AND GENIAL IIUJIOE COMMEND 

"This series Is one of the best of Uie Mud we IjBTe evci' metitilh. Tlie writer is evi- 
deally astirew^ observer, aad tie gives na inQulta deal of nholesonxe advice In s pldn, 
open, slrKlgiil-fOntard manoep. IVliile lie inonleates tiue reilgiouB princlijiea, lie Indulgea 
Id no eant, ttnS bia slyia is such as will at once atlraol the attention of those for wlioic 
ilie work Is written."— if. Y. Courier rnnJ Eaqaircr. 

"FleaEsatlr told, and couched In aucti language that It cahtiot tail to wlQ Ita way ts 
Uie hearts of the young. The anljjeols tceaMd hear upon all tie relallona of life; antt 
the moral tone which charaoteriiea erery page, the earnestness which Is breathed Into 
eveiy line, end the genuine love of the good, the true snS the beautiful, which casts !ti 
ta.tlD ovei' the whole work, cannot fjiil to leave theh' Impress on the nilnd ot the 
reader."— Si{^Jd Omrier. 

" Wa have rarely read a rolume which oontjJned moro pl^n, good, common aenae, or 
practical advice. It Is written in a taking style, and will ho a treasure in many a house- 
hoia."'-Botto7t Alias. 

" Their good senae, sound advice and genial humor commend them to genera. perusaL" 
•-Aliany .E'csninj Jbamal, 

The Zotidan, LUerary Oaseite says :— " Tl'o have never read a work which better in- 
culcates the several dnties am! reaponsihiUlies of young men and women, married or 
single." 

'•The strong conjmrjn sense which pervafles them, the fi'ank and manly utleranca of 
wholesome trullis in pointed and beaullful iangnags, and the genial sympathy whl h. the 
author has for those Khom he adrlressea, cannot fail to commena his work to general 

"POB PHRE ENGLISH DIOTIOX AND BBAOTIPUL IMAOEIIY IT TVILL TAKE 
ITS PLACE AS A CLAESIO WITH lEVING'S SKETOn BOOK." 

"These letters are written with such fi'ankness, honesty and good sense, and exhibit 
tach a wholcsoDiB horror ot hnrahng and cant, that we know the author maEt je a ' goc« 
tellow,' and, while pleased to read his book, leani to like him."— ffar^rtird Pfeas, 

" Ihey contain many trnthful and valuable suggestions, presented in tlie cuiUvateil 
and attractive style of a practised writer. Tliere Is an earnestness and hearty tone to 
Ihowholenhiohcommenuathe hook to the good opinion of all."— JSar^iI Tiniee. 

" Written in a style to bolh pleasB and hlstruct, They entitle the author to ths lasting 
jralitade ot the young ai well as the old."— A'ariiomyiioft Qaaeite. 

Copies Eent by Mail, postpaid, for pvke remitted to 

Bioots' Snildioe, 124 Grand fit, 2i (low East of Broadway, Kew Totk. 
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ASTRONOMICAL SERIES. 



Mattfeon's Primary Astronomy. 

For Schools and Families ; adapted to the capacity of Youtli, and il 
trBted by nearly T«o IlMnilred Engrnvlngsi. By HiSin MAitiaoN, A.M., Professor of 
tiiral rbilosoplij' apid Astronomy Id the Failoj BoniinErj'; Aiitlior of " Higlj Sdiooi 
tronomy," etc. 

IfiS Pagea I.nrgc ISmo. Price 40 Cents. 
ui ndmlrablij first book In Aetronnmy. It is smiiigrjd In tb« fori; 



Mattison's High School Astronomy ; 

1:1 ivliicli Descriptive, Physical and Practical are comljlned, ivitb cspec 
reltrence to tlie wunts of Academioa and Seminaries of learning. By lIiuAit Maitk 
A.M., etc., etc. 

it40 PHges l«nit«. Price 7S Ctata. 

Tbie worlt is divided into Unvc parts. Ailer an introdudion, nliicli consists of prelimln 
Observatlonf and DeanJlioiis, and oceunlea twenty pages, I'nit Fiist la devoted to the SI 
System— tb' 5un. Planeta, Comets, Ecllrees, lldes, etc. ; I'art Second relates to tJie Sidci 
Hearens— f.e Fixed Stare, ConstellnUons, Clnetcrs, and Nebalai; nnd Tart Third to Pract 
Aatronom^ -Ibe StIactDre and Use of Instminents, Eofractlon, Poralloi, etc Tbie depi 
ment, eo B.'ldom Introduoed into lext-lH»kB CDc Edioole, will be Ibund espedaily IntereEl 

Besides embracing aU tbe lata discareilM In astronomy, under a etiictly pliilosopb 
claBaiflcation, tlie worlt la tboronglily Ulnstratod by tlie introdncUon of disgrams Into 
pages, in connection nitli tbe text; and the adaptation throngliout to tbe tiee of tlie bio 
board, during recitation, cannot Ml to be appceclated by every, practical teacber. 



Burritt's Geography of the Heavens, 

And Class-Boolt of Astronomy. Accompanied by a Celestial Atlas. By Ei 

jAii 11. BuaaiTT, A.M. Greatly ELlarged, Ecvlaeil, and Illuslratefl, by II. Mjitisoh, A. 



wledge, as in that of Geograpl 
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ifi makes him ac^nsliited with lbs nuiiea and po^tlona of the bodies irHch cr 
tie Constei: 



to cliia^ii his astronomical kncinledge as be doee bis ge. 



icuen tbe boundaries of the States fMin a map, and name ^e eitleB tber contain. 

It lias just bean entirely re.stereDtrped.neir maps having been added to the chart, si 
many improTements having been made, whlcb render tbe irork, as it stands, vei'y eomple 
in all its detaila. Tbe matter has hean thorangbly aeeoii«d, now topical and saggestive gni 
tlons having been prepared tbtouebODt; and natnbered to corrcBpond witli tbe paregrapbe 
wiiich tbey I'elate. A complete iSt of Telescopio Objects, In caeb constellation, has been 1 
serteil.wblehwilletentlTenbaneetlievalneof the work to all classes of students Twoe 
tlrely New Maps have been bitroduced iQtD the Atlae, contalniug views of eighty dill^rc 
otjocls. 
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